Introduction
============

The World Health Organization GLOBOCAN project has reported that breast cancer is the most frequently diagnosed cancer in females, as well as the leading cause of cancer death.[@b1-ott-8-279] Breast cancer is currently classified into five molecular subtypes based on the expression of estrogen receptor (ER), progesterone receptor (PR), Her-2, and Ki67. Different combinations of therapeutic modalities have been utilized for the treatment of breast cancer based on the clinical staging and the molecular subtype. However, it is heartbreaking that worldwide more than 400,000 people still die yearly from breast cancer.[@b2-ott-8-279] The identification and validation of additional prognostic factors have the potential to improve the quality of individualized treatments for breast cancer patients.

Insulin-like growth factor 1 receptor (IGF-1R) is overexpressed in a variety of cancers, especially breast cancer.[@b3-ott-8-279] It has attracted increasing attention because of its role in enhancing cancer progression. IGF-1R has been investigated as a potential target for novel anticancer therapeutics.[@b4-ott-8-279] It has been detected in 50%--93% of patients with breast cancer;[@b5-ott-8-279]--[@b8-ott-8-279] however, the prognostic value of IGF-1R for breast cancer remains controversial.[@b8-ott-8-279],[@b9-ott-8-279] To clarify the value of IGF-1R expression in breast cancer currently requires a combined analysis of the published data. In our study, we combined all eligible studies on the relationship of IGF-1R expression in breast cancers with disease-free survival (DFS) and/or overall survival (OS)/breast cancer-specific survival (BCSS). We aimed to obtain a precise conclusion on the relationship between IGF-1R expression and the outcomes of breast cancer patients.

Emerging experimental and clinical data show that IGF-1R interacts with ER/PR and Her-2 signaling pathways.[@b10-ott-8-279] To evaluate the association and interaction of ER/PR and Her-2 with IGF-1R at the clinical level, we performed additional subgroup analysis of the prognostic value of IGF-1R expression in different molecular subtypes of breast cancer.

Materials and methods
=====================

Search strategy
---------------

We searched the PubMed, Embase, and Web of Science databases using the keywords "breast cancer", "type 1 insulin-like growth factor receptor", "insulin-like growth factor 1 receptor", "IGF-1R", and "prognosis" to search for studies published between January 1, 1990 and October 1, 2014. The titles and abstracts of papers were first scanned to exclude irrelevant studies. The studies were finally chosen for inclusion by reading the complete text of the remaining papers. The bibliographies of all eligible papers were checked for other potentially relevant publications.

Selection criteria
------------------

The studies from the database were selected using the following criteria: 1) the expression of IGF-1R protein was assessed by immunohistochemistry or radioimmunoassay; 2) the study was published in English; 3) the study was limited to research on human primary breast cancer; 4) the study patients were female; 5) the end point of the study was DFS, OS, or BCSS; 6) the study provided the hazard ratios (HRs) and 95% confidence intervals (CIs), or data that could be used to calculate the HRs and 95% CIs, or Kaplan--Meier survival curves that provided sufficient data to extract HRs and 95% CIs.

Data extraction
---------------

Two reviewers, Yan SC and Jiao X, independently searched and assessed the studies, and the inclusion of a study was reached by consensus. The following items were recorded from each study: the first author's name, year of publication, number of patients, assessment methods for IGF-1R expression, methods of estimating HRs, and HR values with 95% CIs. The studies were assessed for quality using REMARK (reporting recommendations for tumor MARKer prognostic studies)[@b11-ott-8-279] and the 18 items for reporting study quality, as defined by Chen et al.[@b12-ott-8-279]

Statistical analysis
--------------------

HRs with 95% CIs were combined to determine the effective value. Data, including Kaplan--Meier survival curves, from studies not directly reporting HRs and 95% CIs were used to calculate the HRs and 95% CIs according to the methods described by Parmar et al[@b13-ott-8-279] and Tierney et al.[@b14-ott-8-279] By convention, an observed HR of \<1 implied better survival for IGF-1R-positive tumors. The *χ*^2^-square test was used to assess heterogeneity. A *P*-value less than 0.05 was considered significant. If the test of heterogeneity was significant, a combined HR was calculated using the random-effects model; otherwise, the fixed-effects model was used. Engauge Digitizer version 2.11 (free software downloaded from <http://sourceforge.net>) was used to extract data from Kaplan--Meier curves. All statistical tests, except those for publication bias, were performed using RevMan version 5.2 (free software downloaded from <http://www.cochrane.org>). Begg and Egger tests were used to assess publication bias, and these tests were performed using Stata SE 12.0 (StataCorp LP, College Station, TX, USA).

Results
=======

Description of studies
----------------------

A total of 345 published studies were identified. Scanning identified 325 unsuitable papers because they were case reports, review papers, laboratory studies, on male breast cancer, or were otherwise irrelevant to this study. Of the remaining 20 papers, 4 did not provide survival data; 2 did not provide HRs, and the provided survival data was not sufficient for calculating HRs; and 4 papers detected IGF-1R expression using polymerase chain reaction (PCR). Finally, there were ten studies published between 1990 and 2014 that satisfied the criteria for our meta-analysis[@b5-ott-8-279],[@b8-ott-8-279],[@b9-ott-8-279],[@b15-ott-8-279]--[@b21-ott-8-279] ([Figure 1](#f1-ott-8-279){ref-type="fig"}). As shown in [Table 1](#t1-ott-8-279){ref-type="table"}, two studies detected IGF-1R protein using radioimmunoassay, and eight studies detected IGF-1R protein using immunohistochemistry. In addition, when immunohistochemistry was used, most investigators defined IGF-1R positivity as membranous staining. However, three studies investigated positive membranous and cytoplasmic staining separately ([Table 1](#t1-ott-8-279){ref-type="table"}). Three other reports did not specify if membranous or cytoplasmic staining for IGF-1R was considered positive. We queried the authors for their criteria for IGF-1R positivity. Two authors replied and described their criteria,[@b17-ott-8-279],[@b20-ott-8-279] and 1 did not.[@b9-ott-8-279] All of the ten eligible studies were retrospective. [Table 1](#t1-ott-8-279){ref-type="table"} lists the characteristics of these studies. The number of patients ranged from 72 to 2,871, with a total number of 5,406.

Impact of IGF-1R on the outcome of patients with unselected breast cancer
-------------------------------------------------------------------------

Seven studies investigated DFS for a total of 2,489 unselected breast cancer cases.[@b5-ott-8-279],[@b8-ott-8-279],[@b9-ott-8-279],[@b15-ott-8-279],[@b18-ott-8-279],[@b19-ott-8-279],[@b21-ott-8-279] Because of significant heterogeneity among the studies (*P*\<0.0001; *I*^2^=81%), a random-effects model was used. The risk of membranous IGF-1R positivity in breast cancers was not statistically significant (combined HR: 0.71, 95% CI: 0.42--1.21; *P*=0.21) ([Figure 2A](#f2-ott-8-279){ref-type="fig"}). Eight studies, with a total of 5,196 cases, were evaluated for the effect of membranous IGF-1R expression on OS/BCSS ([Figure 2B](#f2-ott-8-279){ref-type="fig"}).[@b5-ott-8-279],[@b9-ott-8-279],[@b16-ott-8-279]--[@b21-ott-8-279] A random-effects model was used to combine HRs because of the heterogeneity observed among the studies (*P*=0.0004; *I*^2^=74%). The combined HR of OS was 0.61 (95% CI, 0.32--1.14; *P*=0.12); the combined HR of BCSS was 0.66 (95% CI, 0.33--1.31; *P*=0.23); and the combined HR of OS/CSS was 0.63 (95% CI, 0.42--0.95; *P*=0.03). The results demonstrated that membranous IGF-1R positivity was a favorable prognostic indicator in breast cancer patients.

Three studies assessed membranous positivity and cytoplasmic positivity separately.[@b16-ott-8-279],[@b18-ott-8-279],[@b19-ott-8-279] A subcategory meta-analysis was performed to analyze the data on cytoplasmic IGF-1R expression. Two studies provided DFS data on 665 cases.[@b18-ott-8-279],[@b19-ott-8-279] Between-study heterogeneity was not significant (*P*=0.63, *I*^2^=0%); therefore, a fixed-effects model was used for analysis. Cytoplasmic IGF-1R positivity was associated with favorable DFS (combined HR: 0.56, 95% CI: 0.35--0.89; *P*=0.01) ([Figure 2C](#f2-ott-8-279){ref-type="fig"}). Three studies provided OS or BCSS data on 737 cases,[@b16-ott-8-279],[@b18-ott-8-279],[@b19-ott-8-279] and the meta-analysis showed that cytoplasmic IGF-1R positivity was associated with favorable OS/BCSS (combined HR: 0.55, 95% CI: 0.35--0.85; *P*=0.008) ([Figure 2D](#f2-ott-8-279){ref-type="fig"}).

Impact of IGF-1R on the outcome of patients with hormone-receptor-positive breast cancer
----------------------------------------------------------------------------------------

A subcategory meta-analysis was performed to analyze four eligible studies that contained ER- and/or PR-positive subgroups. The four subgroups in these studies provided DFS data on 863 cases with hormone-receptor-positive breast cancer.[@b8-ott-8-279],[@b9-ott-8-279],[@b15-ott-8-279],[@b21-ott-8-279] A fixed-effects model was used to combine the HR values (*P*=0.77, *I*^2^=0%). The results showed that IGF-1R positivity was significantly associated with favorable DFS (combined HR: 0.61, 95% CI: 0.41--0.92, *P*=0.02) ([Figure 3A](#f3-ott-8-279){ref-type="fig"}). Four subgroups in these studies provided data on OS/BCSS in 3,241 cases with ER- and/or PR-positive breast cancer.[@b9-ott-8-279],[@b18-ott-8-279],[@b20-ott-8-279],[@b21-ott-8-279] There was no heterogeneity (*P*=0.63, *I*^2^=0%) among these subgroups, and a fixed-effects model was used. The results showed that IGF-IR positivity was significantly associated with favorable OS/BCSS (combined HR: 0.73, 95% CI: 0.57--0.93, *P*=0.01) ([Figure 3B](#f3-ott-8-279){ref-type="fig"}).

Impact of IGF-1R on the outcome of patients with ER-negative, triple-negative, and Her-2-positive breast cancer
---------------------------------------------------------------------------------------------------------------

There were three studies that provided DFS data on 435 ER-negative cases.[@b8-ott-8-279],[@b15-ott-8-279],[@b21-ott-8-279] There was no heterogeneity (*P*=0.22, *I*^2^=34%), and the fixed-effects model was used. IGF-1R positivity was associated with a poor DFS, but the risk was not statistically significant (combined HR: 1.58, 95% CI: 0.83--2.98; *P*=0.22) ([Figure 4A](#f4-ott-8-279){ref-type="fig"}). Two studies provided DFS data on 337 triple-negative breast cancer (TNBC) cases.[@b19-ott-8-279],[@b21-ott-8-279] There was no heterogeneity (*P*=0.78, *I*^2^=0%), and the fixed-effects model was used. The results showed that IGF-1R positivity was significantly associated with poor DFS (combined HR: 1.86, 95% CI: 1.03--3.34; *P*=0.04) ([Figure 4B](#f4-ott-8-279){ref-type="fig"}). There were three studies that provided OS/BCSS data on 614 Her-2-positive cases.[@b16-ott-8-279],[@b20-ott-8-279],[@b21-ott-8-279] There was no heterogeneity (*P*=0.95, *I*^2^=0%), and the fixed-effects model was used. The combined HR was 0.96 (95% CI: 0.88--1.05; *P*=0.36) ([Figure 4C](#f4-ott-8-279){ref-type="fig"}), suggesting that IGF-1R positivity was not significant in Her-2 positive breast cancer.

Publication bias
----------------

Seven studies evaluating DFS yielded Begg and Egger *P*-values of 1.00 and 0.235, respectively. [Figure 5A](#f5-ott-8-279){ref-type="fig"} shows a Begg funnel plot. Eight studies evaluating OS/BCSS yielded Begg and Egger *P*-values of 0.089 and 0.209, respectively. [Figure 5B](#f5-ott-8-279){ref-type="fig"} shows a Begg funnel plot. Moreover, publication bias was not detected in subgroup meta-analyses.

Discussion
==========

IGF-1R is a transmembrane tyrosine kinase receptor that is activated by binding with IGF Types 1 and 2.[@b22-ott-8-279] Activated IGF-1R has several effects on cell behavior. Signals originating from IGF-1R are involved in regulating cell proliferation, survival, differentiation, and transformation.[@b23-ott-8-279] IGF-1R is commonly expressed in primary breast cancers. Nielsen et al[@b24-ott-8-279] studied a cohort of 930 primary breast cancer patients and found that IGF-1R was expressed in 87% of the cases, but the prognostic significance of IGF-1R expression was unclear. In our meta-analysis, we compared the survival outcomes of breast cancer patients according to IGF-1R protein expression. The results showed that membranous IGF-1R positivity in breast cancers was a favorable prognostic indicator, with statistical significance for OS/BCSS (HR=0.63, 95% CI: 0.42--0.95, *P*=0.03); but it was not conclusive for DFS. However, OS is the most widely used end point in oncology trials. Additional meta-analysis was performed to evaluate the survival data with regard to cytoplasmic IGF-1R status. The HRs were found to be statistically significant for both OS/BCSS and DFS. Our data on cytoplasmic and membranous IGF-1R positivity predict favorable outcomes of patients with unselected breast cancer.

Breast cancer has been divided into five molecular subtypes according to the status of ER, PR, Her-2, and Ki67.[@b25-ott-8-279] In vitro and in vivo data have shown that IGF-1R is involved in regulating the ER/PR signaling pathway in breast cancer.[@b10-ott-8-279] It was reported that IGF-1R and ER synergistically enhance the proliferation of cancer cells,[@b26-ott-8-279] but IGF-1R activation fails to induce mitogenesis in the absence of ER.[@b27-ott-8-279],[@b28-ott-8-279] The strong connection between IGF-1R, ER, and PR implies that IGF-1R may particularly affect the outcome of hormone-receptor-positive patients. Four studies in our meta-analysis provided survival data on hormone-receptor-positive subgroups. The pooled HRs showed that IGF-1R positivity was a favorable prognostic indicator in hormone-receptor-positive breast cancers. Furthermore, several clinical studies have shown correlations between IGF-1R expression, ER expression, and low-grade malignancy. These results contradict the in vitro results showing that IGF-1R can enhance the proliferation of breast cancer cells. It has been speculated that the prognostic significance of IGF-1R expression is similar to that of ER.[@b29-ott-8-279] Although ER can provide survival signals for ER-positive breast cancer cells, its expression generally indicates a favorable outcome. Tamoxifen, which blocks ERs, has been effective for the treatment of premenopausal hormone-receptor-positive breast cancer. IGF-1R expression also reflects a relatively well differentiated tumor that may grow in an IGF-1R-dependent manner. By analogy with ER, IGF-1R may be a valuable target. It can be speculated that ER and PR are the predominant targets, and IGF-1R is a supplementary target for breast cancer.

It has been reported that signals from IGF-1R lead to opposite effects on cell proliferation in ER-negative tumors vs ER-positive tumors.[@b27-ott-8-279]--[@b29-ott-8-279] The prognostic significance of IGF-1R for ER-negative breast cancer remains unclear. Three studies in our meta-analysis provided DFS data on ER-negative subgroups. Results showed that IGF-1R positivity was associated with an unfavorable outcome, but the risk was not statistically significant (combined HR: 1.58, 95% CI: 0.83--2.98; *P*=0.16). The results indicated that IGF-1R expression in ER-negative breast cancer may confer more malignant potential.

TNBC is a special subgroup of breast cancers that is characterized by absence of ER, PR, and Her-2 expression. There is no molecular target for the successful treatment of TNBC. Recently, Lehmann et al[@b30-ott-8-279] suggested that TNBC subtyping is needed to enhance the design and effectiveness of molecular-based therapies. They identified six triple-negative subtypes using cluster analysis, including the basal-like two and mesenchymal subtypes, which express IGF-1R. But the prognostic significance of IGF-1R expression in TNBC is not clear. There were only two studies in our meta-analysis that provided DFS data in TNBCs. The meta-analysis showed that IGF-1R positivity was an unfavorable prognostic indicator in TNBC (combined HR: 1.86, 95% CI: 1.03--3.34, *P*=0.04). The TNBC subtype has been reported to be more aggressive than other types. Although TNBC patients did not have an increased rate of local relapse, they had a high rate of distant metastasis, even among early-stage patients, which led to a 5-year distant metastasis-free survival rate of 71%.[@b31-ott-8-279] It has been reported that the IGF-1R signaling pathway contributes to migratory and invasive behavior of breast cancer cells.[@b32-ott-8-279] In addition, excessive IGF-1R signaling can lead to the activation of androgen receptors (ARs) downstream signaling in prostate cancers in the absence of androgens, which leads to IGF-1R-dependent cell survival and migration.[@b33-ott-8-279]--[@b35-ott-8-279] Positive AR expression has been associated with favorable outcomes in breast cancer. Decreased AR expression is associated with distant metastases in patients with androgen-receptor-expressing TNBC.[@b36-ott-8-279] Consequently, there is a belief that IGF-1R may contribute to the tendency of TNBC to produce distant metastasis by downregulating AR expression and overriding AR and other survival pathways, leading to poor outcome. The results demonstrate that IGF-1R may be a therapeutic target, which might provide new treatment options for TNBC.

Several studies have described the signaling interactions between Her-2 and IGF-1R, and implicated the IGF-1R pathway in the development of resistance to trastuzumab.[@b37-ott-8-279],[@b38-ott-8-279] However, the clinical interaction of IGF-1R and Her-2 is unclear. There were three studies in the meta-analysis that did not find prognostic significance for IGF-1R expression in Her-2-positive cancers (combined HR: 0.96, 95% CI: 0.88--1.05. *P*=0.36). It has been reported that when Her-2 is overexpressed, other receptor tyrosine kinases exhibit ligand-independent activity because of Her-2 homodimerization and constitutive activation. Law et al[@b17-ott-8-279] have reported that phosphorylated IGF-1R can be found in Her-2-positive breast cancer and predicts unfavorable outcome. Whether phosphorylated IGF-1R outperforms IGF-1R as a biomarker needs further study.

Quality assessment according to REMARK guidelines was conducted for the ten studies in the meta-analysis. Sensitivity and subgroup analyses were performed to ensure that the results were reliable and valid. However, our meta-analysis has other limitations. First, the results of the subgroup analysis were less powerful because the combined HR was based on a relatively small number of patients. Second, there were different criteria for IGF-1R positivity. The cutoff values ranged from 1% to 26% of examined cells that stained positive, and most studies had a cutoff value of 10% (four studies). Two studies detected IGF-1R using radioimmunoassay. Third, two studies in our meta-analysis, which were the most recent (Yerushalmi et al[@b20-ott-8-279] and Shin et al[@b21-ott-8-279]), had larger numbers of patients (2,871 and 968, respectively) compared to the rest of the studies (N ranged from 72 to 368). These two studies had a relatively high impact on the statistical results, which may reduce the reliability of this study for determining the role of IGF-1R in breast cancers. Therefore, we urgently need high-quality data to draw more accurate conclusions.

In conclusion, this study has demonstrated that IGF-1R positivity is significantly associated with better outcomes for patients with unselected breast cancer and the subgroups with hormone-receptor-positive cancers. IGF-1R positivity in TNBCs is associated with unfavorable outcome. IGF-1R is a valuable therapeutic target that may lead to the optimization of individualized treatment for breast cancer patients.
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###### 

Characteristics of the ten studies included in the meta-analysis of the prognostic value of insulin-like growth factor 1 receptor in breast cancers

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                          No of patients   Patients source   Technique   Cutoff survival                               HR estimation     HR (95% CI) of OS/BCSS          HR (95% CI) of DFS
  ---------------------------------- ---------------- ----------------- ----------- --------------------------------------------- ----------------- ------------------------------- -------------------------
  Bonneterre et al[@b5-ott-8-279]    297              France            RIA         ≥1% Mem                                       Survival curve    OS: 0.29 (0.17--0.49)           0.29 (0.18--0.47)

  Railo et al[@b8-ott-8-279]         126              Finland           RIA         ≥4% Mem                                       Survival curve    No                              1.86 (0.79--4.38)

  Ueda et al[@b15-ott-8-279]         150              Japan             IHC         ≥10% weak or moderate complete Mem staining   Given by author   No                              0.52 (0.23--1.18)

  Köstler et al[@b16-ott-8-279]      72               Austria           IHC         At least moderate Mem and/or Cyto staining    Given by author   OS:\                            No
                                                                                                                                                    Mem: 0.76 (0.37--1.54)\         
                                                                                                                                                    Cyto: 0.82 (0.42--1.60)         

  Law et al[@b17-ott-8-279]          112              Canada            IHC         At least moderate Mem staining                Survival curve    OS: 1.47 (0.81--2.67)           No

  Kim et al[@b9-ott-8-279]           283              South Korea       IHC         ≥26% (no mention)                             Given by author   OS: 0.22 (0.06--0.79)           0.46 (0.23--0.91)

  Fu et al[@b18-ott-8-279]           297              Japan             IHC         ≥10% Mem and/or Cyto staining                 Given by author   BCSS: Mem: 0.36 (0.06--2.05)\   Mem: 0.47 (0.19--1.14)\
                                                                                                                                                    Cyto: 0.49 (0.14--1.74)         Cyto: 0.48 (0.16--1.14)

  Hartog et al[@b19-ott-8-279]       368              The Netherlands   IHC         \>10% Mem and/or Cyto staining                Given by author   BCSS:\                           \
                                                                                                                                                    Mem: 1.19 (0.61--2.34)\         Mem: 1.42 (0.08, 2.49)\
                                                                                                                                                    Cyto: 0.38 (0.20--0.74)         Cyto: 0.61 (0.34--1.09)

  Yerushalmi et al[@b20-ott-8-279]   2,871            Canada            IHC         Strong Mem staining                           Survival curve    BCSS: 0.50 (0.40--0.63)         No

  Shin et al[@b21-ott-8-279]         968              South Korea       IHC         \>10% Mem staining                            Survival curve    OS: 0.78 (0.50--1.21)           1.07 (0.74--1.55)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** BCSS, breast cancer-specific survival; Cyto, cytoplasmic; CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; IHC, immunohistochemistry; Mem, membranous; OS, overall survival; RIA, radioimmunoassay.
